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ABSTRACT 



A projection television system comprising an array of 
three projection television display tubes (14) luminesc- 
ing in red, green and blue, a focusing lens (16) associ- 
ated with each tube and a display screen (12) on which 
the respective optical images are merged to form a 
single multicolored image. At least one of the display 
tubes (14) has a multilayer interference filter (46) be- 
tween the phosphor (30) and the faceplate (20). In order 
to imprvc the light output at the comers of the display 
screen (12), the cut-off angle of the first fdtcr layers is 
varied between the center and the comers thereof, for 
example by increasing the optical thickness of the filter 
layers relative to the center. 

42 Claims, 7 Drawing Sheets 
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One way of midgating these problenis is to use an 
DISPLAY TUBE HAVING IMPROVED interference filter which transmits light up to larger 

BRIGHTNESS DISTRIBUTION angles. However, the gain in brightness is then much 

smaller, and a color shift will still occur. It has been 
BACKGROUND OF THE INVENTION 5 suggested in unpublished British patent Application No. 

The present invention relates to a projection televi- 8513558 to which U;S. Pat. No. 4,683,398 corresponds, 
sion system comprising projection television display ^ projection TV tube with an mterference filter 

tubes having curved faceplates. One or more of the f * faceplate. In this way the angles to the 

tubes have interference fitters on the inside surfaces of faceplate noima^ tilt over to match the lens acceptance 
their respective faceplates. '° ""Sles. The smallest radius of faceplate curvature to be 

Existing projection television systems are regarded as Pf^'t^ ^ 2.5 to 3 times the diago- 

having a moderate brightness on the projection screen; °^ ?^ the scamied phosphor area on the faceplate. At 
a poor chromaticity due to the commonly used Tb probhi^ occur with dynamic focusmg of 

activated green phosphors, because the contribution of „ ^ pht^phor deposi- 

the orange and red spectral lines is too large for these " ^'^ correctKms in Ae deflection of the electron 
phosphors; a loss in resolution on the projection screen ^ f ^ Ti^"^^^, P!f 
due to chromatic aberration ofthe lenses, especially for focal length lenses «0.75 ton« the diagona^^ of 

the commonly used green CT^activated) and blue ^J!^ ^Jf'f: l' u^.°Vl f'^f '^^''^ 
(ZnS:Ag) phosphors; aid a moderate contmt „ T^^TlZ^l^ budt mto the desired small cahmet 

In order to tdtigate these problems it has been pro- ^° !"^„^f i'^S^H,f^..t ^ *~ '"^e acceptance 
posed for example in EuropeL Patent PubUcation No. "^KS ^ ,2^ • i • 
0170320 to provide interf^e fUters between the I^.-^u JTT^^^^!"^' 

phosphor layw and the glass faceplate. These interfer- ^''^nUv SLT^ short foca^ kngth lensw 
«ice filters transmit ligbTof a d^ired wavelength in „ ^th <lispUy tubes havmg curved faceplates on which 
forward and near forwlrd directions. At larger jL^ "'^ ^r^J''^f"^''\^'^u^Z"''^ dielecttic lay- 
up to 90 degrees to the faceplate normal, tte int^^I SltT^'tSS thrtt',^.'.T' T 

- . , 1^ • • • • . ^ 30 Situation was substantially the opposite at the corners. 

f^^^^"f?,'""r' '"''"f '^T'i'^rr' Although there is invariably a lower light output from 
forward directions. At smaller wavelengths the filters screen compared toTthe center it is 

^M^Z. •"'^f'^'^'^ the rdative desired to reduce the difFerenttal between them, 
gain in bnghtness in the forward direction becomes 

lower. At longer wavelengths the filter transmits the 33 SUMMARY OF THE INVENTION 

l^^^^W *f ^''^^'^ projection television dispky tube in- 
forward dir«»on. As the filter works color selectively, dudes an envelope having an opticaUy trai^arent face- 
tne cnromaocity improves and the chromatic abena- pW the internal surface of the faceplate tTemg convex 
tion due to projection lenses reduces. ^ ^ ^ as viewed from the interior of the envelope. A muiti- 
At large focal length lens«j, that is diose where the 40 layer interference filter is applied on the internal surface 
l^iw^ greater than the diagonal of the scanned of the faceplate and a cathodoluminescent screen is 
phosphor area on the faceplate, for example 1 30 mm for applied on the filter. The filter has 6 layers each having 
"^if^eo^ ^"^f ^ f <i mm for a at its center an optical thickness nxd, wherein n is the 
7 (175 mm) diagonal seamed area, the entrance pupil refractive index of the material of the layer and d is the 
of the Iras B relalively far away from the phosphor 45 thickness. The optical thickness of the individual layers 
layer, and therefore the acceptance angles of the lens is between 0.2X/and 0.3 V, the average optical thickness 
are relatively small, even m the comer of the faceplate. being 0.25V, therein ^4 equal to p x x; where X is the 
However, if one uses a closed rear projector, there is a desired central wavelength which is selected from the 
trend to use smaUer focal length lenses (down to half of spectrum emitted by the luminescent material and p is a 
the diagonal of the tube faceplate), m order to keep the 50 number between 1.18 and 1.32. and wherein the cut-off 
cabmet size acceptable. The entrance pupU of these angle is greater at the comers than at the center. The 
lenses IS closer to the faceplate, which results in an cut-off angle is the minimum angle at which Ught of a 
mcrease of the kns acceptance angles for Ught from the given wavelength is refiected rather than transmitted, 
comers of the faceplate. Using the same type interfer- According to another a^ect of the present invention 
ence filter as has been used previously with the larger 55 there is provided a projection television system includ- 
focal length lenses results in: ing three projection televbion display tubes having 

(a) An unacceptable drop in brightness going from cathodoluminescent screens luminescing in respective 
the center to the comer of the projection screen, be- different colors, focusing lens means associated with 
cause the interference filter reflects the Ught of the each display tube and a viewing screen on which the 
dwired wavelength at these large angles. This drop in 60 images on the display tube screens arc merged to form 
bnghtness comes on top of the normal drop^ bright- a multicoloured image. Each tube has a faceplate which 
ness due to the obUquity of the principal ray with re- is convex as viewed from inside the envelope, at least 
spect to the faceplate normal and due to vignetting by one display tube has a multilayer interference filter 
the lens elements. between its cathodoluminescent screen and its face- 

(b) A color shift over the projection screen, because 63 plate, the filter comprising at least 6 layers each having 
the filters work color selectively. A shift to the shorter at its centre an optical thickness nxd, wherein n is the 
wavclengtiis (blue) will occur on the screen, going from refractive index of the material of the layer and d is the 
the center to the comers. thickness. The optical thickness of the individual layers 
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of ihe fUter being between 0.2\/and Q.3\f, the average evaporating a filter material at angles smaller than ±15* 
optical thickness throughout the multilayer sUck being to the perpendicular to the convex surface onto the 
0.25A/, wherein X/is equal to pxX. where \ is the dc- feceplate using electron beam evaporation, the calotte 
sired central wavelength which is selected from the being rotated, and varying the deposition of evaporated 
spectrum emitted by the luminescent matenal and p is a 5 material onto the faceplate by selective masking so that 
number between 1.18 and 1.32, and wherein the cut-off the layer thickness mcreases with increasing x, with 
angle is greater at the comers than at the center. at the centre of the faceplate. 

A convement way to vary the cuwff angle « to vary ^grfation in thickness may thus be obtained by 

S'tli'™l?n rf.h ^ .n i^tennittently masking a predeteiLied area of the con- 

at the comers than at the center. lO „„ 1p *.u ^ i ^ • ^. t .i. 

The thickness variation may be substantially the same IrL '^f^ ^i'^^^^^^ particular the central 

for successive layers yielding a proportional variation L ^ 

of p and A/ The variation in thickness and thus of p and -rt!. j • . . ^ 

X/may increase progressively from the center to the ^J^^ "^^^^"^ °^ producmg a multilayer mterference 
corners. o j filter on a convex surface of a substantiaUy rectangular 

In one embodiment the internal surface of the face- faceplate, the thickness of each layer being greater at 
plate is substantiaUy spherical. In another embodiment comers than at the center, may include obliquely 

the internal surface of the faceplate is aspherical such evaporating a filter material onto the convex surface of 
that the curvature at and near the center is greater than faceplate as it is rocked substantially continuously, 

or less than the curvature at a larger distance from the 20 distance from the electron gun to the center of the 
center. It is possible that the curvature may disappear faceplate being greater than that to the adjacent comer 
(that is become infinite) at some parts of the faceplate. faceplate. 

When the convex faceplate has a rectangular profile, rocking motion may be imparted to the faceplate 

with a shorter y-axis and a longer x-axis, then a smaller rotating the faceplate in a substantially planetary 

layer thickness at the ends of the y-aads (y max) than at 25 manner relative to the electron beam evaporation 
the center may be tolerated as long as the layer thick- source. 

nesses at the ends of the x-axis (x max) and in the diago- It is known to vacuum evaporate a multilayer inter- 
nal comers are greater than at the center. ference filter comprising alternate high and low refrac- 

In another embodunent the variation in the thickness tive index layers on to the concave surface of parabolic 
of the layers, relative to their thickness at the center, is 30 cold light mirrors. In British Patent Specification No. 
such that the thickness at the ends of the shorter y-axis 1088629 the vacuum evaporation of the filter material 
(y max) is smaller than at the center and the thickness at on to rotating mirrors is substantially normal. British 
the ends of the longer x-axis (x max) and at the ends of Patent Specification No. 1 199006 discloses obliquely 
the diagonals is greater than at the center, and wherein evaporating material onto planetary rotated mirrors in 
the layer thickness at the ends of the diagonals is less 35 order to obtain a greater layer thickness at the edge than 
than the thickness at x max at the center. However neither of these specifications 

Another way of varying die cut-off angle would be to disclose how to evaporate variable thickness filter lay- 
vary shghdy the refractive mdex of each layer between ers onto a convex surface, 
the center and the comers of the faceplate and maintain- 
ing the actual thickness of the layer constant The net 40 BRIEF DESCRIPTION OF THE DRAWING 

ch^' ri^t^V^"^^ '^^"^P^ ^^y^' HG. 1 is a diagrammatic view of an embodiment of 

fnH^x^^n the change m refractive one type of a projection television system made in ac 

S^;!^?/. S^^^^^^ ^f"""^ ■ the present invention, 

cult to reauze a refractive mdex vanation ma layer than cto '» j- „ ^ - / ^ r ^ 

to vary its layer thickness. 45 ^ ?f ^ en^bodi- 

A further way of varying the cut-off angle would be T ^^,?^°*^«;typc of a projection television system 

to alter both die actual thickness of each layer between ^"^^u!^!? °,ft^<^8°°^y disposed projection teievi- 

die center and die edge and also to vary sliahdy die the hght outputs from which tubes are com- 

refractive index between die center and die comers. '''^fL'T*. ^^^^^^'^^ 

Both measures togcdier would produce a desired 50 - ^ " * diagrammatic cross-sectional view of a 
change in die optical diickness. This latter mediod is ^^^cplate and screen stmcturc, 
more realistic than die previous mediod of only varying * ^ * furdier enlarged view of a faceplate and 
the refractive index. Oblique evaporation in a planetary structure illustrating die operation of a multi- 
type of evaporation apparatus may for instance result in ^^^^ interference filter, 

a slight variation in refractive index over the faceplate 55 ^ illustrates the effect of an interference filter on 

area. the spectral characteristics of a terbium activated phos- 

Interfercnce filters with 6 layers give only a marginal P^°^» 

gain which can be improved by having a greater num- FIGS, 6 and 7 show the gains in screen luminance 

ber of layers. A filter having 9 layers has a performance obtained by using interference fdters with different 

which is significandy better than a filter with 6 layers 60 f*^>cal length lenses, 

and an even better performance is obtamable by inter- FIG* ^ illustrates the improved gain curve obtained 

ference filters having more than 13 layers, for example varying the cut-off angle across the filter layers, 

between 14 and 30 layers. FIG. 9 is a diagram illustrating one method by which 

A method of producmg a multilayer interference the thickness of filter layers, and thereby die cut-off 

filter on a convex surface of a substantially rectangular 65 angles, can be varied, 

faceplate, the thickness of each layer being greater at x FIG. 10 is a diagrammatic view of one possible appa- 

max and m the comers than at the center, includes the ratus for implementing die mediod illustrated in and 

steps of mounting die faceplate on a rotatable calotte, described with reference to FIG. 9, 
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FIG. 11 is a diagram illustrating the principle of an- green tube 14G are passed by the blue and red light 
other method by which the thickness of filter layers, reflecting mirrors 39 and 41. The light rays combined in 
and thereby the cut-ofF angles, can be varied, and this manner are projected onto a projection screen 12 

FIG. 12 is a diagrammatic view of an apparatus for (not shown) by means of the aspherical lens arrange- 
implementing the method illustrated in and described S ment 16, and a color image is formed on the screen. The 
with reference to FIG. 11. optical axes 42 and 43 of the tubes 14B and 14R coincide 

In the drawings the same reference numerals have and are coplanar with the optical axis 40 of tube 14G. 
been used to indicate corresponding features. The optical axis 40 is perpendicular to the axes 42 and 

DETAILED DESCRIFHON OF THE « and also constitutes the optical main aris of the sys- 

PREFERRED EMBODIMENTS 3 illustrates a cross-sectional view, not to scale. 

The projection system illustrated in FIG. 1 comprises of a part of the faceplate structure of the tubes 14 (FIG. 
a cabinet 10 having a viewing screen 12 mounted in the 1) and 14B, 14G, 14R (FIG. 2). The structure comprises 
upper part of its front walL In the lower part of the the curved faceplate 20 on the internal surface of which 
cabinet 10 three adjacently mounted projection teievi- 15 is applied a multilayer interference filter 46. The cath- 
sion tubes 14 are provided, only one of which is shown odoluminescent phosphor screen 30 is applied as a layer 
in the drawing. The cathodoluminescent phosphors of to the filter 46 and a thin aluminium fihn 48, frequently 
the tubes 14 emit respectively red, green and blue light. tenned the aluminium backing, is applied to the phos- 
The Ught produced by each tube is focused by means of phot layer, 

a short focal length lens arrangement 16 onto the screen 20 The general structure and the optical characterfetics 
12, the light from the lens 16 being reflected onto the of the interference filter 46 are known from, for exam- 
screen 12 by an inclmed mirror 18. The longitudinal pie, European Patent Publication No. 0 170 320 and U.S. 
axes of the three tubes 14 are inclined relative to each Pat. No. 4,683.398, details of which are incorporated by 
other so that the projected images from the tubes merge way of reference. However, in the type of interference 
at the screen 12 to form a color image. 25 filters disclosed previously, the thickness of each filter 

Each tube 14 comprises an envelope formed by a layer is substantially constant over its entire area al- 
corved faceplate 20, a cone 22 and a neck 24. Hie face- though the thickness of adjacent layers may vary. In 
plate 20 is of substantially rectangular form with round- embodhnents cf the display tube made in accordance 
ed-off comers, when viewed in elevation and is proper- with the present invention, the optical thickness, and 
tioned so that it can display for example the customary 30 hence is the values of p and X/, and also the actual thick- 
4 units wide by 3 units high television image or possible ness, of each filter layer is greater at the comers by 
high definition television images S or 5.33 units wide by between 1% and 6% than at the center. 
3 units high. Viewed from inside the envelope, the inter- The interference filter 46 is composed cf at least 6 
nal surface of the faceplate 20 is convex for example layers, more typically between 14 to 30 layers, for ex- 
spherically convex with a radius of curvature, rc, of 350 35 ample 20 layers. Alternate layers comprise a material 

having a high (H) refractive index (n) and a material 

Within the envelope is provided an electron gun 26 having a low (L) refractive index. The high refractive 
which produces an electron beam 28 which is scanned index material can be TiOi (n=2.35), TazOs (n=2.0) or 
over a cathodoluminescent screen 30 applied to the Nb205 (n=2.15) and the low refractive index material 
interior of the faceplate 20 by means of an electromag- 40 can be SiOi (n= 1.47) or MgFi (n= 1.38). the optical 
netic deflection yoke 32 mounted externally of the en- thickness (nxd), where d is the actual thickness, is be- 
vclopc at the neck 24/cone 22 transition. Electrical tween 0.2 \/and aS \fi typically between 0,23 X/and 
connections to the electron gun 26 are by way of pins 34 0.27 X/, where X/is the central wavelength of the filter 
mounted in an end cap 36 hermetically sealed to the 46. X/is equal to pxX, where X is the desired central 
neck. A negative lens 38 is moxmted near the external 45 wavelength selected from the spectrum emitted by the 
surface of the faceplate 20. The negative lens 38 func- cathodoluminescent material and p is a number between 
tions as a field corrector and may have spherical or 1.18 and 1.36. The average optical thickness of the lay- 
asphcrical surfaces. The lens may be solid or part of it ers if 0.25X/. On a frequency scale 1 A/ corresponds to 
may be liquid to form a contacting or cooling medium. the center of the reflection band with perpendicular 
Although attached to the faceplate the lens actually 50 incidence of the light. The filter 46 may have a low 
forms part of the lens 16. refractive index terminating layer L' which has a thick- 

Optionally, the projection lens arrangement 16 (FIG. ness of the order of 0. 125 X/ 
1) may comprise aspheric lens dements. FIG. 4 illustrates the operation of the filter 46. The 

The projection television system according to FIG. 1 filter 46 behaves as a small angle pass filter since light 
is compact The focal length, f, of the lens arrangement 55 incident at angles up to say 35* to the normal is transmit- 
16, the radius of curvature, rc, of the faceplate and the ted by the filter 46 whereas Ught incident at greater 
diagonal or diameter, D, of the scanned phosphor area angles is reflected intemaUy within the phosphor layer 
are related as foUows: f-h 10000/rc<P, the values of f, 30. If this light is mcident again on filter 46 it may be 
rc and D being ha millimetres. transmitted provided it is incident within the pennitted 

FIG. 2 shows the curved faceplates of three orthogo- 60 angular range. Consequently the filter 46 provides a 
nally arranged projection television tubes 14R, 14G and positive gain in luminance on the projection screen 12. 
14B, light from these three tubes is combined and pro- Another characteristic of the interference filter 46 is 
jected through an aspherical lens arrangement 16. In that the passband characteristic shifts to lower wave- 
combining the light, tiie light rays of the blue tube 14B lengths the greater the angle of incidence of the light 
are reflected by a dichroic minor 39 inchned at an angle 65 Both these effects are illustrated in FIG. 5 which shows 
of 45* witii axis 40. The rays of the red tube 14R are the spectrum of a terbium activated green phosphor 
reflected by a dichroic mirror 44, which likewise is material. The phosphor characteristic 5 A illustrates the 
inclmed at an angle 45" with axis 40. The rays of the situation when no filter is present This characteristic 
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spectrum is almost independent of the emission angle. The filter cut-off angle of the inventive display tube 
The purity of the green light emitted will be affected by smoothly varies with increasing distance from the cen- 
the presence of light in the red and blue parts of the ter and is greater at the comer than at the center. This 
wavelength spectrum. Characteristics 5B, SC, SD and is made possible by the optical thickness of filter layers 
5E illustrate the effect of the presence of an interference 5 being greater at the comers than at the center. The 
filter on light emitted by the phosphor layer and inci- percentage change in optical thickness of the filter lay- 
dent on the filter at 0% 15% 30° and 45" with respect to ers should be substantially the same for all the filter 
the normal to the filter, respectively. A comparison of layers leading to a corresponding change in cut-off 
characteristics 5A to 5E confirm the increase in gain by angle. A filter can be optimised by making the cut-off 
the presence of the filter 46 and the enhanced purity of 10 angle at the center between 3° and 16" smaller than in 
the spectrum. The enhanced color purity leads to a comers, which corresponds to an increase in thick- 
considerably reduced chromatic aberration in imaging ^^^^ center to the comers of between about 
on the projection screen. 1% and 5%. 

Different optical thicknesses of the filter layers* in- change in the optical thickness of the filter.layers 
eluding choosing different values for p and X/change ^ achieved in a number of ways. Firstiy to vary the 
what is termed the filter cut-off angle, the filter cut-off thickness of each filter layer so that it is greater at 
angle being the incident light angle at which the filter corners of the faceplate than at the center, the re- 
transmission has decreased to 50%. The effect of these fractive index of the filter layer material being constant, 
changes is illustrated in FIG. 6 which shows the illumi- Secondly to vary both the layer thickness and the re- 
nance (E) distribution on the projection screen 12 &om ^ ^^ctive index of the material. 

the center (rs=0) to the outer diagonal comers In FIG. 8 the continuous line illustrates the illumina- 

(rs=0.57 meters), the lens focal length, f, being equal to ^ °^ * projection screen plotted against the radial 

90 mm and the numerical aperture being 0.450, the ^^^a^ce from the center, for a system having a projec- 

scanned phosphor area of the display tube faceplate ^"^P^^^ tube with a faceplate having a diagonal of 

having a diagonal of 125 mm and the radius of curvature " mm and a sphencally curved screen of radius of 

(rc) of the internal spherical surface of the faceplate 20 f^T'^Ju ?^ ^t"^? NA^O 450 and a 

being 350 mm. In HG. 6, illmninance produced without ^""^ ^ The illummauon E has a high 

the use of an interference filter is indicated by circles ^^"V i " flowT "^^^^ <^o^f Ponds to a filter 
and the light output has been normalised to unit illumi- ,^ 9^^-^? tf^*= 1^ (V=677) and also a high comer 

nance at the center, rs=0. The five other curves relate ^.T!?^ 7)^? co^^^Ponds to a filter cut-off angle 

to TiO2/Si02 modified quarter-wave 20-layer interfer- ^^.,1f ^^^^ mm). For comparison, he lower curve 

ence filters with p-values of 1.228, 1.244, 1.263, 1.279 ^frfi'r^^ ^^"^ lUummation without an 

077, 087, 690 and Two nm. A companson of these curves .i^- -* .u- «u„ i. ..^.v j- ^ ..u t. ^ 

.kot A. ._-ii„ ♦u- « 1 t • V ™ "lt*r layers, with sedunenting the phosphor 

shows that the smaller the cutoff angle then the higher material, with more pronounced defocu^g of the elec- 

L^^'?.hr*"''"'*^r'*"!;''r^'"'''"^'^ « tronbealnmthepn^^tionteSS^cZKSbi 

^ ^*°"8? ^r^, ' ^'i^S dynamic correction to obtain a sharp Lag^ 

equauty amongsi me larger cut-on angle Alters at the and with raster distortion. 

*^°wk^ f~ I 1 1 J ^ ^ evaporation of fUters, having increasing thick- 
^- f ^'r^ ''"^ ^'^ °f tov^rards the comers c^to convex curved 
wme SBC display h*e to project on to the «une size 45 faceplate, has involved the development of techniques 
tnZ^LTT' the display t«bc ^^^1 go beyond those used in eva^rating even tWck- 
to the lens entrance pupil and the distance from the lens ^ess layers onto concave curved or flat substrates, 
exit pupil to the viewmg screen become smaller, thus piG. 9 iUustrates diagrammaticaUy one method of 
leadmg to a more compact cabmct The decrease m the evaporation by which a smooth increase in the thick- 
distance from display tube faceplate to lens entrance jo „«« of a filter from the center to the comer can be 
pupd also increases the tilt m the acceptance anglesof achieved. Tlie essence of this evaporation method Ues in 
the lens. The angular cut-off of the mterference fUter obUquely evaporating the filter layer material onto the 
then more severely limits the hght being collected from internal surface of a curved faceplate 20. The faceplate 
off-centre parts of the phosphor layer, leading to less is so disposed relative to a pair of evaporated sourcw 50 
gam m the comers and producmg a color diift which in jj that the distance h to the adjacent edge of the faceplate 
. case of a green terbium activated phosphor is is substantially less than the distance h' to the center of 
towards the blue part of the spectrum. the faceplate. Consequently less material is evaporated 
For a shorter focal length lens (f=78 mm) FIG. 7 at the center dum at the edge. Rotating the faceplate 
shows mdeed that, when the same filters are used as in about its aris 52 will ensure circularly sjSnmctric depo- 
FIG. 6, the comer dlummauon on the projection screen 60 sition over the entire area of the faceplate, with still a 
is reduced. The feature remains that die filter virith the thicker filter layer near the comers because die deposi- 
smdlcst of the cut-off angles (X/=668 mm) has die tion of filter material is proportional to cos aAi^, which 
highest gam ^ die center and die least gain in die cor- averaged over the rotations may yield a higher value 
ners at that this least gam is more pronounced for the than cos o/h'^. 

shorter focal lengdi lens. The filter with die largest of 6S Method by which diis technique can be implemented 

die cut-off angles (X/=706) enables an acceptable cor- is Ulustrated diagrammaticaUy in FIG. 10. In a known 

ner iUwmnation to be obtained at the expense of de- planetary type of evaporation apparatus the substrates 

creased illummation at the centra onto which layers are to be evaporated are mounted on 
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a calotte 56 rotatably mounted inside a vacuum cham- masking members one for correcting the non-homo- 

ber 54. In order to evaporate variable thickness layers in geneous angular distribution and one for the thickness 

accordance with the technique described with refer- variation. 

ence to FIG. 9, the calotte 56 is constructed so that it Under normal perpendicular evaporation on to an 

comprises a plurality of turntables 58 each of which is 5 unmasked convex faceplate there will be a thickness 

rotatable about its own axis. The faceplates 20 are decrease towards the comers. This variation is opposite 

placed convex face downwards onto its respective turn- to what is desired for producing an increase in the cut- 

Uble 58. The evaporation sources 50 are positioned off angles at the comers of the mask, 

off-axis so that the material evaporated from the evapo- Assuming that the evaporation sources 50 are dis- 

ration source lands obliquely on the rotating substrates, 10 posed 850 mm fix)m (below) the center of a faceplate 

By using the turntables 58 which have a planetary rota- having a spherically curved intemal surface with a 

tion with respect to that of the calotte 56, a pluraUty of radius of curvature of 350 mm, a length (in the x-direc- 

faceplates can be treated batchwisc during any one tion) of 100 mm and a width On the y-direction) of 75 

pump down of the vacuum ch^nber 54. ^^^^ ^he thickness of the layers can be calculated 

Disadvantages of this method are that the construe- 15 ^i^g the following relationship: 
tion of the planetary system is more complicated than 
one without separate turntables 58 and that the provi- 
sion of the turntables 58 means that the number of face- Amount of matenai depoMtcd <= ^^"^ ° 3- 

plates in a batch which can be processed is about 50% (Evaporation distance)* 
to 60% of the number which can be processed using a 20 t . .t. ^ if ^ , 
calotte without turntables. ObUque evaporation ^dso ^ ^^^^ ? ^^u"^ curvature of the 
produces less dense, more porous layers which are V^"^ angle between the evaporation source 
prone to suffer more from crazing when subsequently ^i^tzon gun) and the relevant pomt on the face- 
annealed, compared to layers which arc evaporated P^*^ center dus latter angle is zero. In the case 
substantiaUy perpendicularly onto the substrate surface. 25 exemplified above and assummg that the 

A simplar method which avoids the abovementioned intersect at the center, then for an 

problems but provides an acceptable variation in the ™nasked faceplate the foUowmg thickness variations 

layer thicknesses between the center and the comers of relative to the center have been calculated, 
a faceplate makes use of the fact that the faceplates are 

rectangular with a 3:4 or 3:5 or 9:16 aspect ratio and are 30 Eiidsofy^(y„^ i.8% thinner. 

not circularly symmetrical. Referring to FIG. 11 if the Ends of x-axis (xtok) 3.2% thinner. 

central portion of the faceplate 20 is covered intermit* Comers (ends of diagonab) 5.0% thinner. 

tently by a masking member 62, then the peripheral -^———^ 

areas of the feceplate surface rcm^ exposed^ more ugjng ^ exemplary masking of the central area of the 

contmuoualy so that more matenal is deposited ther^^ 35 faceplate, then the foUowing changes were achieved, 

• „ ^ , . ^. reference being made to the relative thickness at the 

FIG. 12 IS a diagram of an apparatus for applymg this center: 
method. In a vacuum chamber 54 a rotatable calotte 56 

provides support for a plurality of substantially rectan- — 

gular faceplates 20, possibly with rounded comers. The 40 Ends of y.azis (ymaz) No change 1.8% thinner. 

calotte 56 has siibstantially rectangular apertures °^ i^aid gain »n thickness. Net 3.8% thicker, 
therein which arc so oriented that the longer x-axes of ^ ^ thiclmeM. Net 2% thicker, 
the faceplates lie along imaginary radial lines extending 
from the top of the calotte 56. For a medium size evapo- 
ration apparatus there are two rings of apertures, for a 45 Some tolerandng on these thicknesses is possible but 
larger size evaporation apparatus it will be advanta- ^® amount of the tolerancing and its thinner/thicker 
geousto usethieeringsof apertures to accommodate a range relative to the center differ depending on the 
substantially larger number of faceplates. In operation distance to the center. By way of example at the center 
the calotte 56 is rotated about its axis. The evaporation the tolerance b ±1% at y max the tolerance margins 
sources 50 are so disposed beneath the underside of the SO can be greater, between —2% and H-2% relative to the 
calotte 56 that evaporated particles are incident on the center, at x max the tolerance region is 1% to -h4,5% 
faceplates perpendicularly or at a sufficiently small ^ &t the end of the diagonal in the comers the toler- 
angle relative to a normal to the faceplate surface, for ance is + 1% to +6%. To avoid misunderstanding, the 
example smaller than 15 degrees, that a succession of thickness tolerance is related to the nominal thickness at 
dense layers is built-up on the faceplate surface. A non- 55 the center so that a tolerance figure of + \% to +6% 
rotatably mounted, radially extending, masking member means the comer thickness must be at least \% thicker 
62 is arranged between the evaporation sources 50 and than at the center but not exceed 6% greater than at the 
the underside of the calotte 56 m order to modify the center. If one departs from the tolerance ranges then the 
thickness variation due to evaporation on convexly cut-off angles obtained may lead to an mbalance in the 
curved faceplates 20. The precise shape of the masking 60 contributions between the small angle and wide angle 
member 62 is determined partiy by geometric calcula- light towards the gain. In general the further one gets 
tiona based on the wanted thiclmess variation and based away from the center the less the contribution to the 
on known angular distributions of the evaporated filter gain from the small angle light (near 0 degrees) and the 
materials and partly empirically. One has a choice to greater the contribution from the wider angle light 
make use of either one masking member which simulta- 65 (near 35 to 50 degrees) and vice versa, 
neously corrects for the non-homogeneous angular If desired the shape of the convex internal surface of 
distribution of the evaporated material and which gives the faceplate 20 may be aspherical rather than spherical, 
the desired thickness variation for each filter, or two In one embodiment the aspherical surface may have a 
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larger curvature, that is a smaller radius of curvature, 
near the center of the faceplate and a smaller or substan- 
tially no curvature at larger distances from the center, 
particularly in the proximity of the comers. The varia- 
tion in the thickness of the fdter layers, relative to their 5 
thickness at the center, is such that the thickness at the 
ends of the y-axis (y max) is smaller than at the center 
and the thickness at the ends of the x-axis (Xmax) and 
at the ends of the diagonals is greater than at the center. 
Also the layer thickness at the ends of the diagonals is 10 
less than the thickness at x max but greataer than at the 
center. In an embodiment of an aspherical faceplate the 
curvature near the center is close to or equal to 350 Tnm 
(radius) and increases (or becomes less curved) at larger 
distances from the center, ending with a curvature be- 15 
tween 500 mm (radius) and infinity (flat) in the comers. 
From the point of view of depositing the filter layers a 
preferred example of an aspherical faceplate for a pro- 
jection television tube with about a 3"(75 mm)X4" (100 
mm) scanned phosphor area has a spherically curved 20 
central portion having a radius of curvature between 
300 and 400 mm, for example 350 mm, and extending 35 
to 45 mm from the center of the faceplate and thereafter 
the remaining area has a substantially infmite curvature, 
without any discontinuity by using the tangent to the 25 
curved part of the faceplate at the transition point. 

Another form of an aspherical faceplate which has 
advantages from an optical point of view has a central 
region having a large radius of curvature and an outer 
region having a smaller radius of curvature. 30 

Interference ^ters having a predetermined variation 
in cut-off angles have been found to have a superior 
optical performance when used with short focal length 
(between 0.5 to 0.75 times the diagonal of the scanned 
phosphor are a of the faceplate) lenses compared to 35 
filters having a constant cut-off angle. Also by being 
able to produce the filters using a substantially perpen- 
dicular evaporation method will mean that the layers 
will be dense, have a small porosity, and will exhibit 
little or no crazing after tube processing. 40 

Although the present invention has been described 
with reference to a terbium activated green phosphor, it 
b to be understood that the invention can be utilised 
with other green phosphors as well as with known blue 
and red luminescing phosphors which are suitable for 45 
use in projection color television tubes. 

When the filter thickness increases in both the x- and 
y-directions, that is radially symmetrically, substantially 
no color change occurs over the whole projection 
screen. When the filter thickness increases only m the 50 
x-dircction, as in the described and illustrated embodi- 
ments of the present invention, the thickness variation 
can be chosen such that substantially no color correc- 
tion is required in the x-direction, that is, along the lines. 
The resulting color variation along the y-direction can 35 
either be accepted or be corrected by a low-frequency 
electronic adjustment of the electron beam currents in 
one or more of the red, green and blue projection televi- 
sion cathode ray tubes. For instance, use can be made of 
a parabolic correction at the field frequency. 60 

What is claimed is: 

1. A projection television display tube comprising an 
envelope having an optically transparent substantially 
rectangular faceplate, the internal surface of the face- 
plate being convex as viewed from the interior of the 65 
envelope, a multilayer interference filter on the internal 
surface of the faceplate, and a cathodolumincscent 
screen on the filter, the layers of the filter each having 
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an optical thickness nd at the center of the filter wherein 
n is the refractive index of the material of the layer and 
d is the thickness, the optical thickness of the individual 
layers bdng between 0.2X/and 0.3X/, the average optical 
thickness being 0.25X/, wherein X/xs equal to pX, where 
X is the desired central wavelength which is selected 
from the spectrum emitted by the limiinescent material 
and p is a number between 1.18 and 1.32, and wherein 
the cut-off angle of the filter is greater at the comers 
than at the center, the cut-off angle being the minimum 
angle at which light of a given wavelength is reflected 
rather than transmitted. 

2. A projection television display tube as claimed in 
claim 1, wherein the optical thickness of each of the 
filter layers, hence p and X/, is greater at the comers 
than at the center. 

3. A projection television display tube as claimed in 
claim 2, wherein the optical thickness of each of the 
filter layers increases progressively from the center to 
the comers. 

4. A projection television display tube as claimed in 
claim 2, wherein the thickness of each filter layer is 
greater at the comers than at the center and the refrac- 
tive index of the material of each layer is substantially 
constant. 

5. A projection television display tube as claimed in 
claim 2, wherein the thickness of each filter layer is 
greater at the comers than at the center and the refrac- 
tive index of the material at the center of each layer is 
slightiy different relative to that at the comers. 

6. A projection television display tube as claimed in 
claim 4 or 5, wherein the faceplate has a rectangular 
profile and, relative to the layer thickness at the center 
of the faceplate, the layer thickness at the ends of the 
shorter y-axis is less than at the center and the layer 
thickness at the ends of the longer x-axis is greater than 
at the center. 

7. A projection television display tube as claimed in 
claim 4 or 5 wherein the internal surface of the faceplate 
is substantially spherical and the variation in the thick- 
ness of each of the layers, relative to its thickness at the 
centre, is such that the thickness at the ends of the y-axis 
is smaller than at the centre and the thickness at the ends 
of the X-axis and at the ends of the diagonals is greater 
than at the centre, and wherein the layer thickness at the 
ends of the diagonals is less than the thickness at x max 
but greater than at the centre. 

8. A projection television display tube as claimed in 
claim 7, wherein the spherical surface has a radius of 
curvature of 350 mm. 

9. A projection television display tube as claimed in 
claun 4, wherein the internal surface of the faceplate is 
aspherical. 

10. A projection television display tube as claimed in 
claun 9, wherein the internal surface of the aspherical 
faceplate has a larger curvature near the center of the 
faceplate and a smaller or substantially no curvature at 
larger distances from the center, particularly m the 
proximity of the comers, and wherein the variation in 
the thickness of the layers, relative to their thickness at 
the center, is such that the thickness at the ends of the 
y-axis is smaller than at the center and the thickness at 
the ends of the x-axis and at the ends of the diagonals is 
greater than at the center, and the layer thickness at the 
ends of the diagonals is less than the thickness at the 
ends of the x-axis but greater than at the center. 

11. A projection television display tube as claimed in 
claim 10. wherein the aspherical surface has a curvature 
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close to or equal to 350 mm near the center of the face- 24. A system as claimed in claim 21, wherein the 

plate and becomes less curved at larger distances from thickness of each filter layer is greater at the comers 

the center, ending with a curvature between 300 mm than at the center and the refractive index of the mate- 

and in^ty in the comers. rial at the center of each layer is slightly different rela- 

12. A projection television display tube as claimed in 5 tive to that at the comers. 

claim 10, wherein the central region of the convex face- 25. A system as claimed in claim 23, wherein the 

plate is substantially spherical with a radius of curvature convex faceplate has a rectangular profile and, relative 

between 300 and 400 mm^ the region beyond the central to the layer thickness at the center of the faceplate, the 

region is substantially conical having an infinite radius layer thickness at the end of the shorter y-axis is less 
of curvature, and the conical region extends tangen- 10 than at the center and the layer thickness at the end of 

tially from the central spherical region. the longer x-axis is greater than at the centre. 

13. A projection television display tube as claimed in 26. A system as claimed in claim 23, wherein the 
claim 9, wherein the radius of curvature of the internal internal surface of the convex faceplate is spherical and 
surface of the facephite is larger at a central region than the variation in the optical thickness of the layers, rela- 
at the outer region. 15 tive to the optical thickness at the center is such that the 

14. A projection television display tube as m claim 1 optical thickness at the ends of the y-axis is smaller than 
wherein the interference filter comprises alternate lay- a* the centre and the thickness at the ends of the x-axis 
crs of high and low refractive index materials. a^d at the ends of the diagonals is greater than at the 

15. A projection television display tube as claimed in centre, and wherein the layer thickness at the ends of 
claim 14, wherein the high refractive index material is the diagonals is less than the thickness at x max. 
selected from the group consisting of TiOi, TaiOs and ^7. A system as claimed in claim 26, wherein the 
|i^203. spherical surface has a radius of curvature of 350 mm. 

16. A projection television display tube as claimed in 28. A system as claimed in claim 27, wherein 
claim 14 or 15, wherein the low refractive index mate- ^. f+toooo/rc<D 

rial is selected from the group consisting of SiOz and , r • r 1 1 r ^i. i • t. 

2^ p r o * where f is the focal length of the lens means, re is the 

17. A projection television display tube as in claim 1, radius of cmvature of the faceplate and D is the diago- 
wher^L interference filter c^mjrises at least 9 lay- ^^LJTS^'^^^^ 

l'-^KrhStt.^°^r^ " ini^^ort^et^^^^^ 

wherem the filter has between 14 and 30 layers. ^ ^ ^ ^^^^^^ 

19. A projection television system mcludmg three j^^,^ asphcnad faceplate has a larger 
projection television display ttibes respecdydy havmg curvature near the center of the faceplate and a smaUer 
cadiodoluminescent screens lumm^cmg m different 35 curvature at larger distances from the center, 
cotois,focusmg lens means ^isociat particularly in the proximity of the comers, and 
tube screens are merged to form a multicolored unage, therein the variation in the thickness of each of the 
wherem each tube has a substantiaUy rectangular face- igy^rs, rektive to its thickness at the center, is such that 
plate which IS convex as viewed from mside the enve- t^e thickness at the ends of the y-axis is smaUer than at 
lope, at least one display tiAe has a multilayer mterfer- 40 the center and the thickness at the ends of the x-axis and 
ence filter between its cathodolummescent screen and at the ends of the diagonals is greater than at the center, 
its faceplate, the fUter compnsmg at least 6 layers each the layer thickness at the ends of the diagonals is 
havmg an optical thickness nd at the center of the filter, ^ the thickness at the ends of the x-axis but 
wherein n is the refractive index of the material of the greater than at the center. 

layer and d is the thickness, the optical thickness of the 45 31. a system as claimed in claim 30, wherein the 

mdividual layers of the fUter being between 0.2X/, and aspherical surface has a curvature close to or equal to 

0.3X5 the average optical thickness throughout the mul- 350 mm near the center of the faceplate and becomes 

tilayer stack being 0.25X/ wherein X/ is equal to pX, legg curved at larger distances ftom the center, ending 

where X is the desired cental wavelength which is with a curvature between 500 mm and infinity in the 

selected from the spectrum emitted by the lumninescent 50 comers. 

material and p is a number between 1.18 and 1.32, and 32. a system as claimed in claim 29, wherein the 

wherein the cut-off angle is greater at the comers than radius of curvature of the internal surface of the face- 

at the center, the cut-off angle being the minimum angle plate is larger at a central region than at the outer re- 

at which light of a given wavelength is reflected rather gion, 

than transmitted. 55 33. a system as claimed in claim 19, wherein the 

20. A system as clamaed in claim 19, wherein the interference filters comprises alternate layers of high 
focusing lens means has a focal length of less than 100 and low refractive index materials. 

34. A system as claimed in claim 33, wherein the high 

21. A system as clauned in claim 19, wherein the refractive index material is selected from the group 
optical thickness of each of the filter layers, hence p and 60 consisting of TiOz, TazOj and NbiGj. 

X/, is greater at the corners than at the center. 35. A system as claimed ui claim 33 or 34, wherem the 

7Z A system as claimed in claim 21, wherein the low refractive index material is selected from the group 

optical thickness of each of the filter layers increases consisting of SiOz and MgF2. 

progressively from the center to the comers. 36. A system as claimed in claim 19, wherein the filter 

23. A system as claimed in claim 21, wherein the 65 has between 14 and 30 layers, 

thickness of each filter layer is greater at the comers 37. A system as claimed in claim 23, wherein in at 

than at the center and the refhictive index of the mate- least one of the projection television display tubes the 

rial of each layer is substantially constant. thickness of each of the filter layers increases in the 
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x-direction and decreases in the y-direcdon and elec- 
tronic means are provided for effecting color correction 
with a field frequency in the or in each display tube 
having the said thickness variation. 

38. A method of producing a multilayer interference ^ 
filter onto convex surface of a substantially rectangular 
faceplate having a longer x-axis and a shorter y-axis, the 
thickness of each layer being greater at the comers than 

at the center, comprising mounting the faceplate on a 
rotatable calotte, evaporating a filter material at angles 
smaller than x 15' to the perpendicular to the convex 
surface onto the faceplate using electron beam evapora- 
tion, the calotte being rotated, and varying the deposi- 
tion of evaporated material onto the faceplate by selec- (5 
tive masking so that the layer thickness increases with 
increasing x, with x=0 at die center of the faceplate. 

39. A method as claimed in claim 38, wherein a prede- 
termined central area of the convex surface of the face- 
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plate is masked intermittently by at least one shield as 
the faceplate is rotated relative to the electron gun. 

40. A method as claimed in claim 38 or 39, wherein 
the calotte is concave viewed from the electron gun and 
each faceplate is disposed with its x-axis substantially 
radially of the calotte. 

41. A method of producing a multilayer interference 
filter on a convex surface of a substantially rectangular 
faceplate, the thickness of each layer being greater at 
the comers than at the center, comprising obliquely 
evaporating a filter material onto the convex surface of 
the faceplate as it is rocked substantially continuously, 
the distance from the electron gun to the center of the 
faceplate being greater than that to the adjacent comer 
of the faceplate. 

42. A method as claimed in claim 41, wherein the 
faceplate is rotated in a substantially planetary manner 
relative to the electron gun. 

« « • * * 
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